Background: Little is known about whether history of allergies and atopy is related to the occurrence of keratinocyte cancers. Thus, we evaluated the association between history of allergies and atopy and the incidence of squamous cell carcinoma (SCC) and early onset basal cell carcinoma (BCC).
Introduction
Over the past few decades, there has been considerable debate over whether an atopic or allergic state influences the development of cancer. In theory, tumorigenesis may be enhanced by a hyperactive immune system where random pro-oncogenic mutations are induced from chronic immune stimulation (1) . Mediators of the Th2 pathway also may divert tissue immunity away from an antitumor Th1 response (i.e., IgG1, TNFa) and toward an IgE response against allergens, and not tumor antigens through "inappropriate Th2 immune skewing" (2) . On the other hand, atopy or allergy could protect against tumorigenesis either by promoting "immune surveillance" or by "prophylaxis" (3) (4) (5) . The former could occur by heightened detection and elimination of neoplastic cells (3) . In the latter, allergic symptoms may have evolved to "prophylactically" expel toxins, micro-organisms, or environmental particles that may contain carcinogens from the body (4, 5) . These opposing theories are accompanied by conflicting results in the literature. Many studies have reported inverse associations with allergies (i.e., reactions to bee stings, food, medications; refs. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] , some indicated an increased risk (14, 15, 18) , and a few found no association at all (19, 20) . Similarly, for atopyrelated diseases (i.e., asthma, atopic dermatitis), prior studies have found increased risks (14, 18, (21) (22) (23) (24) (25) (26) , decreased risks (6, 8, 9, 12, 14, 15, (27) (28) (29) (30) , or no association with cancer risks (1, 20) . These disparate results in part may be attributable to differences in definitions of allergy and atopy, types of cancer under investigation, inability to control for potentially confounding factors, or inadequate statistical power.
The possible role of atopic and allergic conditions in the etiology of keratinocyte cancers has been explored only to a limited extent. One cohort study examining squamous cell carcinoma (SCC) and basal cell carcinoma (BCC) as separate outcomes (57 BCC cases, 7 SCC cases) found evidence of an increased risk of both BCC and SCC among those with a history of atopic dermatitis (31) . Two further studies of SCC included a nested case-control study among patients with skin cancer that reported higher prediagnostic IgE levels, a marker of type I hypersensitivity reactions or atopic allergy, among those who developed a new primary cutaneous SCC compared with controls who did not (32) . Ji and colleagues (24) similarly found a higher risk of SCC among asthmatics compared with nonasthmatics. Other studies, which combined patients with BCC and SCC, reported mixed results, with some positive (24) , some negative (6, 15, 30, 33, 34) , and some null results (1, 15, 33) . Aside from lacking specific histologic information, nearly all studies had limited information on possible modifying factors, such as age at onset, type of allergy, severity, and use of medications (e.g., NSAIDs, antihistamines, or immunosuppressive drugs). Therefore, we sought to elucidate the role of atopy and allergy in the development of keratinocyte malignancies in a population-based case-control study of invasive SCC and early onset BCC.
Materials and Methods

Study population
Subjects comprised participants in the New Hampshire Skin Cancer Study, an ongoing population-based case-control study of keratinocyte cancers obtained through an active surveillance network of dermatology, dermatopathology, and pathology clinics across New Hampshire. The study design has been previously described (35) (36) (37) . To be eligible, subjects were required to be residents of New Hampshire, speak English, have a listed telephone number, and be between 25 and 74 years old at skin cancer diagnosis. In a small percentage of these cases (<1%), the diagnosing physicians refused to allow us to contact the subject and these subjects were excluded. The present study of allergy and atopy included incident cases of invasive SCC and early onset BCC (at or before age 50 years) diagnosed from July 2001 to June 2002. Controls were selected from files of New Hampshire residents provided by the New Hampshire Department of Transportation (for individuals <65 years old) and the Center for Medicaid and Medicare services (for individuals 65 years old). A shared control group was frequency-matched to the combined distribution of SCC and BCC cases based on gender and age strata of 24 to 35, 36 to 45, 46 to 50, 51 to 59, 60 to 64, 65 to 69, and 70 to 74 years old. Reference dates for controls were assigned matched Interview and pathology review Structured personal interviews were conducted at the participants' homes. To minimize reporting bias, neither interviewers nor subjects were made aware of the hypotheses of the study, and interviewers were masked to participant's case-control status. Questions addressed aspects of each subject's lifestyle and personal history, including socioeconomic status, family and medical history, pigmentary characteristics, and skin sensitivity to sunlight. To assess sun exposure, interviewers used a standardized questionnaire modified from a previous study (38) and validated in our study population (36) . Questions included information about amount of time spent outdoors from 9 a.m. to 5 p.m. during work and nonwork days, as well as lifetime number of painful sunburns.
We further asked participants if they were "ever allergic" to animals or animal dander, plants (i.e., trees, grass, weeds, or pollen), food (i.e., eggs, dairy, seafood, shellfish, berries, peanuts, wheat, or soy), insect stings (i.e., bees, hornets, wasps, yellow jackets, spiders, scorpions, bugs), molds, and house dust. For positive responses, we asked at what age they developed the allergy and at what age they last had an allergic reaction. In addition, we asked participants if a physician ever diagnosed them with eczema (atopic dermatitis) and if so, at what age they were diagnosed.
For cases, we requested the diagnostic specimens (slides and paraffin-embedded tumor tissue) from the original pathology laboratory. Slides underwent a standardized re-review of the histopathologic diagnosis by a board-certified dermatopathologist, who documented the presence in adjacent normal skin of actinic keratoses (presence or absence) and solar elastosis (absent, mild, moderate, or severe; ref. 36 ).
Method of analysis
We calculated the ORs and 95% confidence intervals (CI) for invasive SCC and early onset BCC associated with any allergy, specific types of allergies (animal, insect sting, food, plant, mold, and dust), and eczema with adjustment for age, gender, and skin reaction to the first hour of sunlight during the summer (blister, painful sunburn followed by peeling, mild sunburn followed by tanning, tanning with no sunburn). We further evaluated the potential confounding effects of race, education level (less than college, college, graduate school), family history of keratinocyte cancer, number of hours spent outdoors recreationally (i.e., during nonworking days), number of hours spent outdoors from 9 a.m. to 5 p.m. during the summer, number of lifetime painful sunburns, smoking status (never, former, current), number of moles (on the back), number of freckles (on the face, arms, shoulder), grams of alcohol consumed per month (beer, wine, liquor, and alcohol total), coffee consumption, tea consumption, tanning lamp use, history of ultraviolet radiation therapy, history of radiation therapy, and use of immunosuppressive medications, oral corticosteroids, and NSAIDs and included factors that changed the ORs by more than 10% (39) . To assess the effects of severity, we calculated the ORs and 95% CIs for SCC and early onset BCC in relation to number of allergies (1 or >1 vs. none). We further examined age of onset of allergy (<20 years vs. 20 years), duration of allergy (<20 years vs. 20 years), and age of onset of eczema (<10 years vs. 10 years). As there is evidence that the incidence of atopic diseases and sensitization rates to environmental allergens vary by gender (40, 41), we examined for the presence of effect modification by stratifying by gender. All analyses were conducted with the statistical software SAS version 9.3.
Results
In total, 375 early onset BCC cases and 251 controls, and 254 SCC cases and 432 controls were available for analysis. Early onset BCC cases were more likely to have a sun-sensitive phenotype and a history of two or more lifetime painful sunburns as compared with controls. SCC cases were more likely to have had an organ transplant and to have taken immunosuppressant medications (i.e., methotrexate, azathioprine, cyclosporine) and less likely to have a tendency to tan as compared with controls. The prevalence of other characteristics was roughly similar between cases and controls (Table 1 ).
An inverse association was observed for early onset BCC and history of any allergy (OR, 0.61; 95% CI, 0.38-0.97), animal Table 2 ). No clear associations were found with insect sting allergy, food allergy, or plant allergy, and for eczema, a weak positive association was observed that lacked statistical precision. For SCC, associations tended to be positive, but with wide confidence intervals that did not exclude the possibility of a chance association (Table 2) . For women, an inverse association with allergy was found for early onset BCC (OR, 0.53; 95% CI, 0.31-0.92). An inverse relationship was also observed for SCC (OR, 0.59; 95% CI, 0.29-1.19), but the association lacked statistical precision. Women with more allergies, an allergy beginning before age 20 years, or of more than 20 years duration had a lower risk of early onset BCC and SCC. Among men, a slightly decreased risk of early onset BCC (OR, 0.87; 95% CI, 0.39-1.99) was observed but with wide CIs. In contrast, an elevated OR was observed for SCC in men with eczema (OR, 3.50; 95% CI, 1.33-11.15) and to a lesser extent allergies (OR, 1.58; 95% CI, 0.93-2.69). Allergy at a younger age and of long duration was also a associated with a slightly decreased risk of early onset BCC, and long duration and a greater number of allergies was associated with an increased risk of SCC among men (Table 3) . We did not detect any clear patterns of risk by age of onset of eczema (Table 3) .
Discussion
Overall, we observed a reduced risk of early onset BCC associated with history of allergies, particularly among women, and, with limited statistical precision, a positive trend in risk of SCC among men. Our trend toward an increased risk of SCC associated with allergy is consistent with the two previous studies examining SCC specifically (24, 32) . For example, a longitudinal cohort study from Sweden found a positive association with SCC and asthma (standardized incidence ratio, 1.33; 95% CI, 1.19-1.48; ref. 24) . A more recent nested case-control study using IgE as a biologic marker for atopic allergy observed an elevated risk of SCC in relation to higher IgE levels (32) . Notably, the latter study had a high proportion of men, and in our study, the positive association with SCC was largely confined to men.
There is evidence to support the role of IgE in mediating the immune response to neoplasia (42) . For instance, allergic donor peripheral blood mononuclear cells exhibit decreased tumor killing capacity in the presence of tumor antigen-specific IgE. This suggests that occupancy of IgE receptors by allergen-specific IgE may deter binding of tumor antigen-specific IgE and subsequent tumor-eradicating functions (2, 42) . Type I hypersensitivity responses are also associated with recruitment of inflammatory mediators, increased oxygen radicals, and tissue remodeling. These changes could promote tumorigenesis in a mechanism similar to how asthma may increase the risk for lung cancer (32, 43) .
Our results differed for BCC and SCC tumors, and between men and women. Although the mechanisms are uncertain, proteins, like galectin-3, important for the development of Th2 responses to epicutaneously introduced antigens, are downregulated in keratinocyte tumors compared with the non-neoplastic epidermis (44) and appear to be differentially expressed in BCC and SCC tumors (45) . With respect to gender differences, hormones are known to influence allergic phenotype and biomarkers of atopy. In particular, estrogen can skew the immune response toward allergy and promote antigen-specific IgE production (40) . Skin reactivity to inhalant allergens and serum IgE levels are higher in males than females at younger ages, and then reverses later in life (41) . Responses to allergens on skin tests further vary with the menstrual cycle, with a heightened reaction during ovulation when estrogen levels peak (46) . Mechanistically, estrogens can affect each step of the allergic sensitization process (antigen presentation, Th2 polarization, isotype switching to IgE, and mast cell degranulation) through ERa, ERb, and G-protein-coupled receptor 30 (GPCR 30; ref. 47) . Nonetheless, further studies are needed to confirm or refute our findings.
In our data, having allergy symptoms at a young age (<20 years old), long duration of allergy (>20 years), and multiple types of allergies were each associated with a reduced risk of early onset BCC among both men and women, albeit with limited statistical precision. Wiemels and colleagues (48) reported that early onset of respiratory allergy (12 years old) was associated with higher IgE levels compared with later onset disease. For pancreatic cancer, Holly and colleagues (13) similarly found reduced risks of pancreatic cancer with increasing number of allergies and severity of allergic symptoms. Examining risks for various cancers, Hwang and colleagues (34) found that individuals with more than one atopic disease had lower cancer risks compared with those with only one.
There are several limitations to this study that need to be kept in mind. First, our case-control study had the potential for selection bias, which we attempted to minimize by choosing cases and controls from a geographically defined U.S. population. Second, patients with allergies or atopy may visit dermatologists more often, leading to a higher probability of detecting skin cancer. The presence of this bias is not strongly suggested by our data, especially as inverse associations with allergies were detected especially among women. Third, we investigated atopic dermatitis as clinically defined eczema, as we did not have data on components of the Hanifin and Rajka criteria, which are used in clinical practice (49) . We attempted to refine the definition of eczema by stratifying by age of eczema diagnosis whereby a younger age of onset is more consistent with true atopic dermatitis. However, no clear associations emerged. Accuracy of self-report remains an issue for which we tried to improve by asking participants about allergy symptoms, medication use, age at onset, and duration.
In conclusion, our findings of specific histologic types of keratinocyte cancers in the general population of the United States raise the possibility of a reduced risk of early onset BCC and SCC among women with allergies, and of an increased SCC risk among men. Our results, like others, suggest that the association between cancer and allergy is complex and may depend on the type of allergy, specific allergens, and further may be specific to type of cancer and by gender.
Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.
